TIMOTHY N. J^ftt al. PATENT 
Application No.: 09/264,547 




REMARKS 

In the Office Action mailed July 27, 2001, claims 1 1-14, 72, 74, and 1 18-120, 
were rejected under 35 USC §1 12 as indefinite. Further, claims 1, 5, 7, 8, 11-17, 19, 21-42, 
46-53, 62-66, and 68-97, were rejected under 35 USC § 103(a) as being unpatentable over Wu 
in view of Andreiko et aL ('243 patent). Claims 2 and 3 were rejected under 35 USC §103(a) 
as unpatentable over Wu et al. in view of Andreiko et al. and Poirier. Claim 4 was rejected 
under 35 USC § 103(a) as unpatentable over Wu et al. in view of Andreiko et al. and 
Andersson. Further, claim 6 was rejected under 35 USC §103(a) as unpatentable over Wu et 
al. in view of Andreiko et al. and Brandestini et al. 

Additionally, claims 10, 18, 98, 99, 1 14, 1 15, and 1 18-120, were rejected 
under 35 USC § 103(a) as being unpatentable over Wu et al. in view of Andreiko et al. and 
Andreiko et al. (the '238 patent). Finally, claims 9, 20, 43-45, 54-61, 67, 100-1 13, 1 16, and 
117, were objected to as being dependent upon a rejected base claim, but otherwise are 
allowable. In response, Applicants have amended the claims and in view of the amendments 
and the remarks below, Applicants respectfully submit that all claims are in condition for 
allowance. Withdrawal of the rejections is respectfully requested. 

The §112 Rejection 

The independent claims have been amended canceling the conflicting 
language noted against claims 1 1-14, 72, 74 and 1 18-120, rendering the §1 12 rejections 
moot. Withdrawal of the §112 rejection is respectfully requested. 

The §103 Rejection 

Wu relates to a three-dimensional model of the teeth of a patient that is 
prepared by taking molded impressions of the mandibular and maxillar teeth, placing 
separately the impressions on a support table define an X-Y plane and detecting the Z 
distance from a probe by directing a beam of laser light onto the impression and calculating 
from the pattern of reflected light a centre of the light falling on an area array. 

Andreiko 5,338,198 relates to an apparatus for automatically designing and 
manufacturing a custom orthodontic appliance from anatomical shape data preferably of the 
lower jaw and teeth of a patient. Andreiko includes a scanner to produce images in three 
dimensions, a computer that constructs archforms and calculates finish tooth positions, then 
automatically designs an appliance, preferably including archwires and brackets, to move the 
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teeth to the calculated positions and jigs to place the brackets on the teeth of the patient, and 
program controlled machines for making the brackets, wires and jigs to the appliance design 
driven by commands derived from digitized tooth and jaw shape data. 



represent portions of an individual component of the patient's dentition, for example data 
elements representing one tooth in the dentition. Wu shows only the construction of the 
entire three-dimensional model of the teeth of the patient. Similarly, Andreiko teaches the 
producing of three dimensional images of the patient's dentition. There is no teaching of 
applying a computer-implemented test to the data set to identify data elements that represent 
boundary portions of an individual component of the patient's dentition to facilitate 
separating the dentition into individual components in either Wu or Andreiko. 



boundaries of the individual components so that these components can be edited or 
manipulated. This is shown in neither Wu nor Andreiko. 

Attached is a mark?u *up version of the changes made to the Amendment 
captioned "VERSION WITH MARKINGS TO SHOW CHANGES MADE." 

If for any reason the Examiner believes that a telephone conference call would 
in any way expedite prosecution of the subject application, the Examiner is invited to 
telephone the undersigned at 650-326-2400. 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, 8 th Floor 

San Francisco, California 941 1 1-3834 

Tel: (415) 576-0200 

Fax: (415) 576-0300 

JMH:jke 



However, r either Wu nor Andreiko shows identifying data elements that 



In the present invention, the applying step automatically detects component 




Respectfully submitted, 
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VERSIONS WITH MARKINGS TO SHOW CHANGES MADE 



IN THE CLAIMS : 

1. (Tvvire Amended) A computer-implemented method for use in 
creating a digital model of an individual component of a patient's dentition, the method 
comprising: 

(a) scanning the patient's dentition, or a physical model thereof, to 
produce a data set that forms a three-dimensional (3D) representation of the patient's 
dentition having a plurality of components t herein : 

(b) applying a computer-implemented test to the data set to identify data 
elements that represent boundary portions of an individual component of the patient's 
dentition to facilitate separating the dentition into individual components : and 

(c) creating a digital model of the individual component based upon the 
identified data elements [wherein applhying the computer-implemented test is carried out 
by a computer without human intervention]. 

9. (Amended) [The method of claim 1J A computer-implemented 
method for use in creating a digital model of an individual component of a patient's dentition, 
the method comprising: 

(a^ scanning the patient's dentition, or a physical model thereof, to 
produce a data set that forms a three-dimensional (3D) representation of the patient's 
dentition: 

ftp applying a computer-implemented test to the data set to identify data 
elements that represent portions of an individual component of the pat ient's dentition: and 

(c^ creating a digital model of the individual component based upon the 
identified data elements, wherein the individual component is an individual tooth in the 
patient's dentition. 

20. (Amended) [The method of claim 19,] A computer-implemented 
method for use in creating a digital model of an individual component of a patient's dentition, 
the method comprising: 

w00 y D0I£ 01 
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(a) scanning the patient's dentition, or a physical model thereof, to 
produce a data set that forms a three-dimensional (3D^ representation of the patient's 
dentition: 

(b) applying a computer-implemented test to the data set to identify data 
elements that represent portions of an individual component of the patient's dent ition: and 

(c) creating a digital model of the individual component based upon the 
identified data elements, wherein applying the computer-implemented test includes 
identifying elements of the data set that represent a structural core of the individual 
component to be modeled and labeling those data elements as belonging to the individual 
component, w herein the individual component to be modeled includes an individual tooth 
and the structural core approximately coincides with neurological roots of the tooth. 

75. (Twice Amended) A computer-implemented method for use in 
creating a digital model of a tooth in a patient's dentition, the method comprising: 

(a) scanning the patient's dentition, or a physical model thereof, to 
produce a three-dimensional (3D) data set representing the patient's dentition having at least 
two teeth therein : 

(b) applying a computer-implemented test to identify data elements that 
represent an interproximal margin between the two teeth in the dentition to facilitate 
separating the two teeth : and 

(c) applying another computer-implemented test to select data elements 
that lie on one side of the interproximal margin for inclusion in the digital model [wherein 
applying the counter-implemented test is carried out by a computer without human 
intervention]. 

116. (Amended) [The method of claim 115,] A computer-implemented 
method for use in creating a digital model of a tooth in a patient's dent ition, the method 
comprising: 

fal scanning the patient's dentition, or a physical model thereof, to 
produce a 3D dataset representing at least a portion of the patient's de ntition, including at 
least a portion of a tooth and gum tissue surrounding the tooth: 

(b) applying a test to identify data elements lving on a gingival boundary 
that occurs where the tooth and the gum tissue meet: and 
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(c) applying a test to the data elements lying on the boundary to identify 



other data elements representing portions of the tooth, wherein applying the test to identify 
data elements on the gingival boundary includes creating a series of roug hly parallel 2D 
planes, each intersecting the dentition roughly perpendicular to an occlusal pl ane of the 
dentition, and each including data elements that represent a cross-secti onal surface of the 
dentition, wherein the cross-sectional surface in each 2D plane include s two cusps that 
roughly identify the locations of the gingival boundary, wherein applying the test includes 
identifying the cusps in each cross-sectional surface. 
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APPENDIX A 

COMPLETE SET OF PENDING CLAIMS 

WHAT IS CLAIMED IS: 

1 . (Twice Amended) A computer-implemented method for use in 
creating a digital model of an individual component of a patient's dentition, the method 
comprising: 

(a) scanning the patient's dentition, or a physical model thereof, to 
produce a data set that forms a three-dimensional (3D) representation of the patient's 
dentition having a plurality of components therein; 

(b) applying a computer-implemented test to the data set to identify data 
elements that represent boundary portions of an individual component of the patient's 
dentition to facilitate separating the dentition into individual components; and 

(c) creating a digital model of the individual component based upon the 
identified data elements. 

2. (As filed) The method of claim 1, wherein the data set includes data 
taken from at least one of the following sources: two-dimensional (2D) x-ray data and three- 
dimensional (3D) x-ray data. 

3. (As filed) The method of claim 1, wherein the data set includes data 
taken from at least one of the following sources: computed tomography (CT) scan data and 
magnetic resonance imaging (MRI) scan data. 

4. (As filed) The method of claim 1, wherein the data set includes data 
taken from a photographic image of the patient's dentition. 

5. (As filed) The method of claim 1, wherein some of the data is 
obtained by imaging a physical model of the patient's teeth. 

6. (As filed) The method of claim 1, wherein some of the data is 
obtained by imaging the patient's teeth directly. 

7. (As filed) The method of claim 1, wherein the data set forms a 3D 
volumetric representation of the patient's dentition. 
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8. (As filed) The method of claim 1, wherein the data set includes 
geometric surface data that forms a 3D geometric surface model of the patient's dentition. 



digital model of an individual component of a patient's dentition, the method comprising: 

(a) scanning the patient's dentition, or a physical model thereof, to 
produce a data set that forms a three-dimensional (3D) representation of the patient's 
dentition; 

(b) applying a computer-implemented test to the data set to identify data 
elements that represent portions of an individual component of the patient's dentition; and 

(c) creating a digital model of the individual component based upon the 
identified data elements, wherein the individual component is an individual tooth in the 
patient's dentition. 

10. (As filed) The method of claim 1, wherein the individual component 
includes gum tissue found in the patient's dentition. 

11. (As filed) The method of claim 1, wherein applying the computer- 
implemented test includes receiving information input by a human user to identify a 
boundary of the individual component to be modeled. 



includes receiving position data from a computer-implemented tool through which the human 
user identifies the boundary in a graphical representation of the patient's dentition. 



implemented tool is a saw tool that allows the user to identify the boundary by defining a 
curve in the graphical representation that separates the data elements associated with the 
individual component from other elements of the data set. 



implemented tool is an eraser tool that allows the user to identify the boundary by erasing a 
portion of the graphical representation representing the boundary . 



9. 



(Amended) A computer-implemented method for use in creating a 



12. (As filed) The method of claim 11, wherein receiving information 



13. (As filed) The method of claim 12, wherein the computer- 



14. (As filed) The method of claim 12, wherein the computer- 
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15. 



(As filed) The method of claim 1, wherein receiving the data, applying 



the computer-implemented test, and creating the electronic model all are carried out by a 
computer without human intervention. 



implemented test includes automatically applying a rule to identify a boundary of the 
individual component to be modeled. 

17. (As filed) The method of claim 16, wherein the boundary includes a 
surface of a tooth. 

18. (As filed) The method of claim 16, wherein the boundary includes a 
gingival margin. 

19. (As filed) The method of claim 1, wherein applying the computer- 
implemented test includes identifying elements of the data set that represent a structural core 
of the individual component to be modeled and labeling those data elements as belonging to 
the individual component. 

20. (Amended) A computer-implemented method for use in creating a 
digital model of an individual component of a patient's dentition, the method comprising: 

(a) scanning the patient's dentition, or a physical model thereof, to 
produce a data set that forms a three-dimensional (3D) representation of the patient's 
dentition; 

(b) applying a computer-implemented test to the data set to identify data 
elements that represent portions of an individual component of the patient's dentition; and 

(c) creating a digital model of the individual component based upon the 
identified data elements, wherein applying the computer-implemented test includes 
identifying elements of the data set that represent a structural core of the individual 
component to be modeled and labeling those data elements as belonging to the individual 
component, wherein the individual component to be modeled includes an individual tooth 
and the structural core approximately coincides with neurological roots of the tooth. 

21 . (As filed) The method of claim 19, wherein applying the computer- 
implemented test includes applying a test to link other data elements to those representing the 



16. (As filed) The method of claim 1, wherein applying the computer- 
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structural core and labeling the linked data elements as belonging to the individual 
component. 



other data elements to those representing the structural core includes assigning a distance 
measure to each element of the data set, where the distance measure indicates a measured 
distance between a reference point in the dentition and the portion of the dentition 
represented by the data element to which the distance measure is assigned. 



other data elements includes linking a data element to the structural core if the assigned 
distance measure is less than the distance measure assigned to a data element representing a 
portion of the structural core. 

24. (As filed) The method of claim 22, wherein the reference point lies on 
a tooth surface. 

25. (As filed) The method of claim 21, wherein applying the test to link 
other data elements to the structural core includes applying a test to determine whether a data 
element lies outside of the dentition and, if so, labeling the data element as a background 
element. 



determine whether the data element lies outside of the dentition includes comparing an image 
value associated with the data element to a threshold value. 



another computer-implemented test to identify elements of the data set that represent a 
structural core of another individual component of the dentition and labeling those data 
elements as belonging to the other individual component. 

28. (As filed) The method of claim 27, wherein applying the computer- 
implemented tests includes applying tests to link other elements of the data set to those 
representing the structural cores of the individual components and labeling the linked 
elements as belonging to the individual components to which they are linked. 



22. (As filed) The method of claim 21, wherein applying the test to link 



23. (As filed) The method of claim 22, wherein applying the test to link 



26. (As filed) The method of claim 25, wherein applying the test to 



27. (As filed) The method of claim 19, further comprising applying 
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29. (As filed) The method of claim 28, wherein applying the tests to link 
other data elements to the structural cores of the individual components includes determining 
whether a data element already is labeled as belonging to one of the individual components. 

30. (As filed) The method of claim 1, wherein applying the computer 
implemented test includes identifying an initial 2D cross-section of the individual component 
having continuous latitudinal width, a relative minimum value of which occurs at an end of 
the initial cross-section. 

31. (As filed) The method of claim 30, wherein applying the computer- 
implemented test includes isolating portions of the data corresponding to the initial 2D cross- 
section of the individual component to be modeled. 

32. (As filed) The method of claim 31, wherein the received data includes 
3D image data obtained by imaging the individual component volumetrically, and wherein 
isolating portions of the data corresponding to the initial 2D cross-section includes isolating 
elements of the 3D image data representing the initial 2D cross-section. 

33. (As filed) The method of claim 30, wherein applying the computer- 
implemented test includes applying a test to identify the end of the initial cross-section at 
which the relative minimum value of the latitudinal width occurs. 

34. (As filed) The method of claim 33, wherein applying the test to 
identify the end of the initial cross-section includes: 

(a) establishing line segments within the initial cross-section, each of 
which is bounded at each end by an endpoint lying on a surface of the individual component, 
and each of which is roughly perpendicular to a latitudinal axis of the individual component; 

(b) calculating a length for each line segment; and 

(c) identifying elements of the data set that correspond to the endpoints of 
the line segment with the shortest length. 

35. (As filed) The method of claim 34, wherein applying the computer- 
implemented test also includes: 
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(a) isolating portions of the data set corresponding to other 2D cross- 



sections of the individual component, all lying in planes parallel to the initial 2D cross- 
section; 

(b) for each of the other cross-sections, identifying data elements that 
correspond to endpoints of a line segment representing an end of the cross-section; and 

(c) defining a solid surface that contains all of the identified data elements. 

» 

36. (As filed) The method of claim 35, further comprising labeling the 
solid surface as representing a surface of the individual component to be modeled. 

37. (As filed) The method of claim 35, further comprising using the data 
elements identified in the initial cross-section as guides for identifying the data elements in 
the other cross-sections. 



identify the end of the initial cross-section includes first creating an initial curve that is 
roughly perpendicular to the latitudinal axis of the individual component and that is fitted 
between the surfaces of the 2D cross-section on which the endpoints of the line segments will 
lie. 



segments includes first establishing a set of initial line segments that are roughly 
perpendicular to the curve and to the latitudinal axis and that have endpoints lying on the 
surfaces of the individual component. 

40. (As filed) The method of claim 39, wherein establishing the line 
segments also includes pivoting each initial line segment about a point at which the initial 
line segment intersects the curve until the initial line segment has its shortest possible length. 



38. (As filed) The method of claim 34, wherein applying the test to 



39. (As filed) The method of claim 38, wherein establishing the line 



41 . (As filed) The method of claim 40, wherein establishing the line 



segments also includes: 



(a) locating a midpoint for each of the initial line segments after pivoting; 



and 



(b) creating a refined curve that passes through all of the midpoints. 
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42. (As filed) The method of claim 41, wherein establishing the line 
segments also includes creating the line segments to be perpendicular to the refined curve. 

43. (As filed) The method of claim 38, wherein the individual component 
is a tooth and the curve is a portion of a larger curve fitted among the lingual and buccal 
surfaces of all teeth in a 2D cross-section of a tooth arch in which the tooth lies. 

44. (As filed) The method of claim 43, wherein the larger curve is a 

catenary. 

45. (As filed) The method of claim 43, wherein the larger curve is created 
by manipulating mathematical control points to fit the curve to the shape of the cross-section 
of the tooth arch. 

46. (As filed) The method of claim 34, wherein establishing the line 
segments includes first establishing an initial line segment by creating a line that intersects 
the initial 2D cross-section, such that the initial line segment has endpoints that lie on 
surfaces of the individual component. 

47. (As filed) The method of claim 46, wherein establishing the line 
segments also includes establishing at least one additional line segment parallel to and spaced 
a predetermined distance from a previously established line segment. 

48. (As filed) The method of claim 47, wherein establishing the line 
segments also includes, for each additional line segment, locating a midpoint of the additional 
line segment and pivoting the additional line segment about the midpoint until the additional 
line segment has its shortest possible length. 

49. (As filed) The method of claim 48, wherein establishing the line 
segments also includes limiting the rotation of each additional line segment to no more than a 
predetermined amount. 

50. (As filed) The method of claim 49, wherein the rotation of each 
additional line segment is limited to no more than approximately +/- 10°. 
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51. (As filed) The method of claim 48, wherein establishing the line 
segments also includes establishing a curve that is fitted among the midpoints of the 
additional line segments. 

52. (As filed) The method of claim 51, wherein establishing the line 
segments includes establishing the line segments to be perpendicular to the curve. 

53. (As filed) The method of claim 52, wherein establishing the line 
segments includes locating midpoints for each of the line segments and pivoting each line 
segment about its midpoint until the line segment has its shortest possible length. 

54. (As filed) The method of claim 30, wherein the individual component 
is a tooth and the relative minimum value of the initial 2D cross-section lies on an 
interproximal surface of the tooth. 

55. (As filed) The method of claim 54, wherein identifying the initial 2D 
cross-section includes isolating elements of the data set that correspond to 2D cross-sections 
of the tooth lying in parallel planes between the roots and the occlusal surface of the tooth. 

56. (As filed) The method of claim 55, wherein identifying the initial 2D 
cross-section also includes identifying adjacent ones of the 2D cross-sections in which the 
interproximal surface of the tooth is obscured by gum tissue in one of the adjacent cross- 
sections and is not obscured by gum tissue in the other adjacent cross-section. 

57. (As filed) The method of claim 56, wherein identifying the initial 2D 
cross-section also includes selecting as the initial 2D cross-section the adjacent cross-section 
in which the interproximal surface of the tooth is not obscured by gum tissue. 

58. (As filed) The method of claim 55, wherein identifying the initial 2D 
cross-section also includes, for each of the isolated cross-sections, establishing a contour line 
that outlines the shape of the dentition in that cross-section. 

59. (As filed) The method of claim 58, wherein identifying the initial 2D 
cross-section also includes applying a test to each of the isolated cross-sections to identify 
those cross-sections in which the interproximal surface of the tooth is not obscured by gum 
tissue. 
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60. (As filed) The method of claim 59, wherein applying the test includes 
calculating the rate of curvature of the contour line. 

61 . (As filed) The method of claim 59, wherein identifying the initial 2D 
cross-section includes selecting as the initial 2D cross-section the isolated cross-section that 
lies closest to the roots of the tooth and in which the interproximal surface of the tooth is not 
obscured by gum tissue. 



implemented test also includes identifying two elements of the data set that define endpoints 
of a line segment spanning the relative minimum width of the initial 2D cross-section. 

63. (As filed) The method of claim 62, wherein applying the computer- 
implemented test also includes defining, for each endpoint, a neighborhood containing a 
predetermined number of elements of the data set near the endpoint in the initial 2D cross- 
section. 



implemented test also includes identifying an additional 2D cross-section of the individual 
component in a plane parallel and adjacent to the initial 2D cross-section, where the 
additional 2D cross-section also has a continuous, latitudinal width with a relative minimum 
value occurring at one end of the cross-section. 

65. (As filed) The method of claim 64, wherein applying the computer- 
implemented test also includes identifying two elements of the data set that define endpoints 
of a line segment spanning the relative minimum width of the additional 2D cross-section by: 

(a) defining two neighborhoods of data elements, each containing 
elements of the data set that are adjacent to the data elements contained in the neighborhoods 
defined for the initial 2D cross-section; and 

(b) identifying one data element in each neighborhood that corresponds to 
one of the endpoints of the line segment spanning the relative minimum width of the 
additional 2D cross-section. 



62. (As filed) The method of claim 30, wherein applying the computer- 



64. (As filed) The method of claim 63, wherein applying the computer- 
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66. (As filed) The method of claim 65, further comprising establishing a 



solid surface that is fitted among line segments spanning the relative minimum widths of the 
parallel 2D cross-sections. 

67. (As filed) The method of claim 66, wherein the individual component 
to be modeled is a tooth and the solid surface represents an interproximal surface of the tooth. 

68. (As filed) The method of claim 30, further comprising receiving 
information provided by a human user that identifies elements of the data set that correspond 
to the relative minimum width of the initial 2D cross-section. 



graphical representation of the patient's dentition in which the user identifies portions 
corresponding to the relative minimum width of the cross-section. 

70. (As filed) The method of claim 69, wherein the graphical 
representation is three dimensional. 

71 . (As filed) The method of claim 69, wherein the graphical 
representation includes a 2D representation of the initial 2D cross-section. 

72. (As filed) The method of claim 7 1 , further comprising receiving the 
information from an input device used by the human user to identify the relative minimum 
width of the initial 2D cross-section in the graphical representation. 

73. (As filed) The method of claim 71, wherein the initial 2D cross- 
section is one of many 2D cross-sections displayed to the human user. 

74. (As filed) The method of claim 71, further comprising receiving 
information from the human user identifying which of the displayed 2D cross-sections is the 
initial 2D cross-section. 



69. (As filed) The method of claim 68, further comprising displaying a 



75. (Twice Amended) A computer-implemented method for use in 
creating a digital model of a tooth in a patient's dentition, the method comprising: 
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(a) scanning the patient's dentition, or a physical model thereof, to 
produce a three-dimensional (3D) data set representing the patient's dentition having at least 
two teeth therein; 

(b) applying a computer-implemented test to identify data elements that 
represent an interproximal margin between the two teeth in the dentition to facilitate 
separating the two teeth; and 

(c) applying another computer-implemented test to select data elements 
that lie on one side of the interproximal margin for inclusion in the digital model. 

76. (As filed) The method of claim 75, further comprising creating a set of 
2D planes that intersect the dentition roughly perpendicular to an occlusal plane of the 
dentition, each 2D plane including data elements that form a 2D cross-section of the 
dentition. 

77. (As filed) The method of claim 76, further comprising identifying the 
2D plane with the smallest cross-sectional area. 

78. (As filed) The method of claim 77, further comprising rotating the 2D 
plane with the smallest cross-sectional area to at least one other orientation to form at least 
one other 2D cross-section of the dentition. 

79. (As filed) The method of claim 78, further comprising selecting the 
orientation that gives the rotated plane its smallest possible cross-sectional area. 

80. (As filed) The method of claim 79, further comprising identifying data 
elements that represent the selected orientation of the rotated plane as lying on an 
interproximal margin. 

81. (As filed) The method of claim 78, wherein the plane is rotated about 
two orthogonal lines passing through its center point. 

82. (As filed) The method of claim 77, further comprising creating a set of 
additional 2D planes in the vicinity of the 2D plane with the smallest cross-sectional area. 

83. (As filed) The method of claim 82, further comprising identifying the 
plane in the set of additional planes that has the smallest cross-sectional area. 
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84. (As filed) The method of claim 83, further comprising rotating the 
plane with the smallest cross-sectional area to at least one other orientation to form at least 
one other 2D cross-section of the dentition. 

85. (As filed) The method of claim 84, further comprising selecting the 
orientation that produces the 2D cross-section with the smallest possible area. 

86. (As filed) The method of claim 76, wherein creating a set of 2D planes 
includes creating an initial plane near one end cf the dentition. 

87. (As filed) The method of claim 86, further comprising selecting a 
point in the dentition that is a predetermined distance from the initial plane and creating a 
second plane. 

88. (As filed) The method of claim 87, wherein the second plane is 
roughly parallel to the initial plane. 

89. (As filed) The method of claim 87, further comprising rotating the 
second plane to at least one additional orientation to form at least one additional 2D cross- 
section of the dentition. 

90. (As filed) The method of claim 89, further comprising selecting the 
orientation that produces the 2D cross-section with the smallest cross-sectional area. 

91. (As filed) The method of claim 89, further comprising selecting a 
point that is a predetermined distance from the second plane and creating a third plane that 
includes the selected point. 

92. (As filed) The method of claim 91, further comprising rotating the 
third plane to at least one other orientation to create at least one additional 2D cross-section 
of the dentition. 



93. (As filed) The method of claim 91 , further comprising creating 
additional planes, each including a point that is a predetermined distance from a preceding 
plane, until the other end of the dentition is reached. 
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94. (As filed) The method of claim 93, further comprising identifying at 
least one plane having a local minimum in cross-sectional area. 

95. (As filed) The method of claim 93, further comprising identifying a 
centerpoint of the cross-section in each of the planes and creating a curve that fits among the 
identified centerpoints. 

96. (As filed) The method of claim 95, further comprising creating a set of 
additional 2D planes along the curve, where the curve is roughly normal to each of the 
additional planes, and where each of the additional planes is roughly perpendicular to the 
occlusal plane. 

97. (As filed) The method of claim 96, further comprising identifying at 
least one of the additional planes that has a local minimum in cross-sectional area. 

98. (Previously Amended) A computer-implemented method for use in 
creating a digital model of a tooth in a patient's dentition, the method comprising: 

(a) scanning the patient's dentition, or a physical model thereof, to 
produce a 3D dataset representing at least a portion of the patient's dentition, including at 
least a portion of a tooth and gum tissue surrounding the tooth; 

(b) applying a test to identify data elements lying on a gingival boundary 
that occurs where the tooth and the gum tissue meet; and 

(c) applying a test to the data elements lying on the boundary to identify 
other data elements representing portions of the tooth. 

99. (As filed) The method of claim 98, wherein applying the test to 
identify data elements on the gingival boundary includes creating an initial 2D plane that 
intersects the dentition roughly perpendicular to an occlusal plane of the dentition and that 
includes data elements representing an initial cross-sectional surface of the dentition. 

100. (As filed) The method of claim 99, wherein applying the test includes 
locating a cusp in the initial cross-sectional surface. 
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101. (As filed) The method of claim 100, wherein locating the cusp 



includes calculating rate of curvature of the initial cross-sectional area at selected points on 
the cross-sectional surface. 

102. (As filed) The method of claim 101, wherein locating the cusp 
includes identifying the point at which the rate of curvature is greatest. 

103. (As filed) The method of claim 100, wherein applying the test 
includes creating a second 2D plane that is roughly parallel to the initial 2D plane and that 
includes data elements representing a second cross-sectional surface of the dentition. 

104. (As filed) The method of claim 103, wherein applying the test 
includes locating a cusp in the second cross-sectional surface. 

105. (As filed) The method of claim 104, wherein locating the cusp in the 
second cross-sectional surface incites defining a neighborhood of data elements around the 
cusp in the initial cross-sectional surface and projecting the neighborhood onto the second 
cross-sectional surface. 



second cross-sectional surface includes searching for the cusp only within the neighborhood 
projected onto the second cross-sectional surface. 

107. (As filed) The method of claim 99, wherein applying the test includes 
locating two cusps in the initial cross-sectional surface. 

108. (As filed) The method of claim 107, wherein applying the test 
includes creating a second 2D plane that is roughly parallel to the initial 2D plane and that 
includes data elements representing a second cross-sectional surface of the dentition. 

109. (As filed) The method of claim 108, wherein applying the test 
includes locating two cusps in the second cross-sectional surface. 



106. (As filed) The method of claim 105, wherein locating the cusp in the 
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1 10. (As filed) The method of claim 109, wherein locating the cusps in the 
second cross-sectional surface includes defining two neighborhoods of data elements around 
the two cusps in the initial cross-sectional surface and projecting the neighborhoods onto the 
second cross-sectional surface. 

111. (As filed) The method of claim 1 1 0, wherein each neighborhood 
projected onto the second cross-sectional surface includes data elements representing portions 
of the tooth and data elements representing the gum tissue surrounding the tooth. 

1 12. (As filed) The method of claim 111, wherein the data elements 
representing the tooth include voxels of one color and the data elements representing the gum 
tissue include voxels of another color. 

113. (As filed) The method of claim 111, wherein locating the cusps in the 
second cross-sectional surface includes locating the pair of data elements representing gum 
tissue that lie closest together, where each of the two neighborhoods projected onto the 
second cross-sectional surface includes one of the data elements in the pair. 

1 14. (As filed) The method of claim 98, wherein applying the test to 
identify data elements on the gingival boundary includes creating a series of roughly parallel 
2D planes, each intersecting the dentition roughly perpendicular to an occlusal plane of the 
dentition, and each including data elements that represent a cross-sectional surface of the 
dentition. 

115. (As filed) The method of claim 1 14, wherein the cross-sectional 
surface in each 2D plane includes two cusps that roughly identify the locations of the gingival 
boundary. 

116. (Amended) A computer-implemented method for use in creating a 
digital model of a tooth in a patient's dentition, the method comprising: 

(a) scanning the patient's dentition, or a physical model thereof, to 
produce a 3D dataset representing at least a portion of the patient's dentition, including at 
least a portion of a tooth and gum tissue surrounding the tooth; 

(b) applying a test to identify data elements lying on a gingival boundary 
that occurs where the tooth and the gum tissue meet; and 
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(c) applying a test to the data elements lying on the boundary to identify 
other data elements representing portions of the tooth, wherein applying the test to identify 
data elements on the gingival boundary includes creating a series of roughly parallel 2D 
planes, each intersecting the dentition roughly perpendicular to an occlusal plane of the 
dentition, and each including data elements that represent a cross-sectional surface of the 
dentition, wherein the cross-sectional surface in each 2D plane includes two cusps that 
roughly identify the locations of the gingival boundary , and, wherein applying the test 
includes identifying the cusps in each cross-sectional surface. 

1 17. (As filed) The method of claim 116, wherein identifying the cusps 
includes locating the cusps in one of the planes and then confining the search for cusps in an 
adjacent plane to a predetermined area in the vicinity .of the identified cusps. 

118. (As filed) The method of claim 1 1 5, further comprising allowing a 
human user to select data elements that roughly identify the locations of the cusps in a 
selected one of the cross-sectional areas. 

1 19. (As filed) The method of claim 1 18, further comprising searching for 
cusps in the selected cross-sectional area and confining the search to data elements lying 
within a predetermined area in the vicinity of the data elements selected by the human user. 

120. (As filed) The method of claim 1 18, further comprising searching for 
cusps in an adjacent cross-sectional area and confining the search to data elements lying 
within a predetermined area in the vicinity of the data elements selected by the human user. 

Claims 121-192 have been previously canceled. 



